Fe Kc_ line components.
During this time, the continuum flux decreased by -,_20%.
The RXTE spectrum requires an Fe t( absorption edge near 8.6 keV (Fe XXIII -XXV). The spectral data indicate that the 2-10 keV continuum emission is dominated (,-_ 2/3 of the luminosity) by reflection from a previously unidentified region of warm, ionized gas located <0.2 pc from the AGN. The remaining ,-_ 1/3 of the observed X-ray emission is reflected from optically thick, neutral gas. The coronal gas in the inner Narrow-Line Region (NLR) and/or the cold gas at the inner surface of the obscuring "torus" are possible cold reflectors. The inferred properties of the warm reflector are: size (diameter) <0.2 pc, gas density n > 10 s5 cm -a, ionization parameter _ _ 103.s erg cm s -1, and covering fraction 0.003 (L0/1043.s erg s-') -1 < (Ft/47r) < 0.024 (L0/1043.5 erg s-l) -1, where L0 is the intrinsic 2-10 keV X-ray luminosity of the AGN. We suggest that the warm reflector gas is the source of the (variable) 6.7 keV Fe line emission, and the 6.97
keV Fe line emission. The 6.7 keV line flare is assumed to be due to an increase in the emissivity of the warm reflector gas from a decrease (by 20-30%) in L0.
The properties of the warm reflector are most consistent with an intrinsically X-ray weak AGN with L0 _ 1043.0 erg s -1. The optical and UV emission that scatters from the warm reflector into our line of sight is required to suffer strong extinction, which can be reconciled if the line-of-sight skims the outer surface of tile torus. Thermal bremsstrahlung radio emission from the warm reflector may be detectable in VLBA radio maps of the NGC 1068 nucleus. Introduction NGC 1068 is one of the original "spiral nebulae" that were noted by Seyfert (1943) to have strong, high-excitation emission lines in their nuclear optical spectra. Its lack of "broad" (FWHM > 1000 km s -_) emission lines from a "broad-line region" (BLR), argued to be present in type 1 Seyfert nuclei, identify it as a type 2 Seyfert galaxy. However, when broad Balmer emission lines were discovered in its polarized optical nuclear spectrum by Antonucci & Miller (1985) , it became clear that this galaxy contained a "hidden" broad-line region, seen only in light reflected around an intervening obscuring medium. This result, combined with results for other Seyfert galaxies, gave rise to the so-called unified model of active galactic nuclei (AGNs), which asserts that the difference between type 1 and type 2
AGNs is due to the relative orientation of an optically thick torus which surrounds the central engine and BLR (cf. Antonucci 1993 and references therein).
X-ray observations
of AGNs have, for the most part, supported this unified model.
For example, observations of X-ray bright type 2 Seyfert galaxies with the HEAO-1 satellite (Mushotzky 1982) showed that their X-ray spectra were well represented by a power-law with photon index F _ 1.8 (characteristic of type 1 Seyferts), with additional absorption with column densities NH > 1022 atoms cm -2. The absorption column in type 2 Seyfert galaxies, typically _1023-1024 cm -2, is assumed to be due to the blocking torus (e.g., Mulchaey, Mushotzky & Weaver 1992) .
Higher quality data now show that Seyfert X-ray spectra are more complex than a simple absorbed power-law. In many type 2 objects, a 'soft excess' (soft X-ray emission in excess of that expected from a simple absorbed power-law) is common below ,--2 keV (e.g. Turner & Pounds 1989) . Above _-,10 keV, the power-law slope generally flattens (e.g., Nandra & Pounds 1994) due to Compton scattering of nuclear light reflected from the accretion disk (ergo, the "reflection component"). Soft X-ray absorption lines (e.g., due to O, Ne, Mg, Si, Fe) from an ionized medium are also present (cf. Reynolds & Fabian 1995) . And finally, between 6 and 7 keV, strong Fe Kc_ fluorescence lines are present, and are thought to originate from the accretion disk, or, in some cases, from the inner edge of the torus.
The central region of NGC 1068 contains a starburst (e.g., Wilson et al. 1992) , which produces a large fraction of the X-ray emission below _-,4 keV (e.g., Levenson et al. 2001) .
At higher energies, the AGN dominates the spectrum. The X-ray spectrum of the AGN is particularly interesting, in that it has an Fe Ks line with a very large equivalent-width (EW), first discovered with GINGA by Koyama et al. (1989) , who modelled the spectrum with a relatively flat (F _ 1.5) power-law with little or no absorption, plus a single Gaussian line centered at 6.55 keV with EW of 1.3 keV. Compare this with typical EWs for type 1 Seyferts, which are <500 eV (e.g., Nandra et al. 1997) . Such a large EW was predicted by the X-ray scattering model of Krolik & Kallman (1987) , although the measured EW in NGC 1068 is larger than predicted. It was suggested that the observed (reflected) X-ray continuum flux is much smaller than that illuminating the fluorescing material, resulting in a larger EW than for Seyfert 1 galaxies. Higher-resolution X-ray spectral data obtained with BBXRT showed three separate narrow Fe Kc_ components with a net EW of 2.7 keV (Marshall et al. 1993 (Ueno et al. 1994 ). Using the same ASCA data, Iwasawa et al. (1997) proposed the existence of a fourth Fe K component -a weak red wing of the 6.4 keV fluorescenceline, possibly dueto Compton scatteringin optically thick, cold matter (Matt et al. 1996) . Hard (>10 keV) X-ray emissiondetected by BeppoSAX (Matt et a. 1997 )is consistentwith reflection from a mixture of neutral and ionized gas, with an intrinsic power-law slopeof F ,-_ 1.7.
In this paper, we further investigate the nature of the X-ray emission due to the AGN (day), when the geomagneticcutoff rigidity, is < 6 GeV c-1, and when the time is < 32 s after a day/night transition, or < :32s after an SAA passage.Backgroundcounts were accumulatedfrom source-freeregionsnear the target and then subtracted. The ASCA spectra weregrouped to have >_30 photons in eachenergy bin.
RXTE Observations
The RXTE Proportional Counter Array (PCA) data weretaken simultaneouslywith the secondASCA observation(ASCA2). The PCA consistsof five Proportional Counter Units (PCUs), three of which were reliable during the observation. PCA Standard Mode 2 data werereducedwith the REX (v0.2) script from FTOOLS (v5.0.1), using the default selection criteria, as follows. Data wereextracted only from layer 1, and only from PCUs 0, 1 and 2; for Earth elevation angle >10°, pointing offset <0.02°, "electron contamination" <0.1, and times >30 min after the peakof the last SAA passage.The backgroundwasestimated using PCABACKEST (v2.1e), using the L7-240backgroundmodel, recommendedfor faint sources by the NASA/GSFC RXTE Guest ObservingFacility. The L7-240model is composedof two components: 'L7' and '240.' The 'L7' componentestimatesthe internal detector background derived from a combination of 7 rates in pairs of adjacent signal anodes,read directly from the Standard 2 data files. The '240' componentestimates the effect of particles present in the detectors after an SAA passage,assuminga decayingexponential with half-life 240 s. The responsematrix wasgeneratedusing the FTOOLS task PCARMF (v3.7).
BeppoSAX Observations
Both setsof BeppoSAX data wereretrieved from the archivesat the BeppoSAX Science Data Center (SDC) in Rome. Only data from the Medium-Energy Concentrator Spectrometers (MECS) and the PDS instruments wereused. Raw data were processedby the SDC's SupervisedStandard ScienceAnalysis (Rev. 0 for the SAXl data and Rev. 1.1 for the SAX2 data). We usedBeppoSAX SDC calibration and background data releasedin November 1998.
The first observation(SAXl) occurredbeforeMECS instrument no. 1 failed (i.e., before May 7, 1997), so events from all three MECS were available. SAX1 MECS spectra were extracted using circular regionsof radius 4' and then combinedinto one spectrum by routine pipeline processingby the BeppoSAX SDC. The combined spectrum was then grouped so that it had a minimum of 20 counts per spectral bin. Background data were taken from 
Spectral Fitting Results

3.1.
The 4-100 keV X-ray Spectrum
Because the spectrum of NGC 1068 is complex, assumptions about the spectral structure of the Fe K region may affect our continuum model. In this section, we investigate potential continuum components using four different simple continuum models, together with two Fe K line emissionmodels. For the line models,we use four Gaussiancomponents,first an empirical model which provides a good fit, and, second,a "narrow-line" model with fixed central energies.The continuum modelsare: (1) an absorbedpower-law,(2) reflection from optically thin ionized gas (power-law plus an Fe K edge),(a) reflection from optically thick neutral gas(XSPEC constant-densitymodel PEXRAV; Magdziarz & Zdziarski 1995) ,and (4) reflection from optically thick ionized gas (PEXRIV).
Galactic absorption was included with NH fixed at 3.53 × 102°cm-2 (Dickey & Lockman 1990 Table   2 ). For example, ;_ = 1.0 fox" the optically thick ionized reflection model, compared to X_ 2 = 1.3, when the SAX1 MECS is included. The absorbed power-law model and neutral reflection models are still not acceptable fits (_2/dof = 376/322 and 401/322, respectively).
The "optically-thin" ionized reflection model with an edge at "-,8.6 keV is also a good fit, with X_ _ 1.07. These results suggest that much of the nuclear X-ray emission is reflected into our line of sight by highly ionized gas with lo 9 (_/erg cm s -1) -,_ a. We cannot, however, discriminate between an optically thick or thin ionized reflector. The Compton reflection component provided by the optically thick model PEXRIV does give a better fit than the optically-thin reflection model (Aj,¢ 2 = 31). This suggests that at least one optically thick reflector (ionized or neutral; see also Matt et al. 1997 ) is present. For the rest of the fits in this paper (the "narrow-line" fits), we restricted the calibration constants of the instruments to be within our best-estimated ranges. This is necessary to insure that any variability we find is not due to calibration differences.
Cross-Calibration of the Instruments
We first fixed the cal- In summary,both the empirical and narrow-line methodsof modelling the FeI( features imply, that the continuum flux from NGC 1068includesa reflectedcomponentfrom highly ionized gas. For both optically thick and optically "thin" ionized reflection models, the Fe absorption edgeenergy is ,,_8.6keV, implying that the ionization parameter { of the warm reflector has a value 1o9_ "-, 3. Implications of these results are discussed in section 4.
A Variable Fe K line
As mentioned in section 3.1.2, there is excess line emission in the MECS centered ,-, 6.7 keV ( Figure  2 ), implying an increase in the epoch-2 6.7 keV line flux, compared to epoch 1.
Here, we investigate this variability further by fitting the narrow-line models discussed above Table 3 and are shown graphically in Figure  3 . Although we do not favor the constant-norm case, we also list fluxes for it in Ogle, priv. comm.) .
In order to ensure that the increase in the 6.7 keV line flux was not due to a change in the continuum shape, we also allowed various continuum model parameters to vary between epochs (see Table 3 and Figure 4 ). The main result is that the flux in the 6.7 keV component shows an increase regardless of the continuum shape.
We should note that for several cases using the the neutral reflection model, while the 6.7 keV line flux does show an increase, it is not at the 90%confidencelevel. However,we also note that the neutral reflection model is a very poor fit to the broad-band spectrum. The ratio in the line flux (epoch 2/epoch 1) rangesfrom 1.53 to 1.75 for the best-fit ionized reflection models (models 2 and 4). Thus, we can say with confidence that the structure of the Fe K line complex has varied in the four months between the two epochs, and, in particular the 6.7 keV line flux has increased by a factor of 1.53-1.75. For the case when the continuum spectral shape did not change, but the continuum flux did, the increase factor in tile 6.7 keV line flux is 1.6-1.7, for the best-fit ionized reflection models.
We have also attempted to model the Fe K variability in other ways. If the central line energy of the "6.7 keV" line is allowed to vary from 6.70 keV while fitting, it does not deviate from 6.70 keV. If we further allow the line width c_ .to vary, it increases to 0.12 keV. Even in this case, the 6.7 keV line flux variability is still comparable to that for the narrow-line
Fe model, while the other line fluxes are consistent with those in Table 3 . Thus, even if the line width has increased, the line flux has increased as well.
We also fit the Fe K complex with 6.4 and 6.7 keV lines using a relativistic disk model (XSPEC model DISKLINE) to see if the variability could be modelled in terms of physical variations in the accretion disk (e.g., the inner radius of the accretion disk). We first tried replacing only the 6.7 keV Gaussian line with a disk line, and then tried replacing both the 6.4 keV line and the 6.7 keV line with a disk line. However, for both face-on (i _ 30°) and edge-on (i ,-_ 70°) disks, the disk model is a poor fit, regardless of the central energy.
We obtain X2 > 500 for a combined fit with epoch 1 and 2 data with an ionized reflection continuum model, compared with )/= ---400-420 for pure Gaussian line fits in Table 3 ) when several interesting parameters were allowed to vary. We conclude that the continuum flux did not vary more than 20% over the entire timespan (from 1993.5 to 1998), assuming the continuum shape is allowed to vary. If the continuum shape did not vary between epochs 1 and 2, the flux decreased by _20%, with a subsequent rise in flux between epochs 2 and 3.
It is worth noting that the ?(.2 values are consistently lowest, or very nearly lowest, for the fits in which only the power-law norm and the Fe K line fluxes vary between epochs 1 and 2 (see Table 3 ). Thus, this simple model suggests both an increase in the 6.7 keV line flux and a decrease in the continuum flux.
3.4.
Summary of Results
Here we summarize the results from this section. are jointly fit, the continuum is noted to decrease by _20%, while the 6.7 keV Fe K line component is observed to increase by a factor of _1.6.
Discussion
In the subsections below, we discuss the location and physical properties of the X-ray reflection regions in the nucleus of NGC 1068. We also discuss the implications for the reflection of light at other wavelengths. 
Size
The variability of the 6.7 keV line luminosity in the four months between epochs 1 and 2 suggests that the maximum size of the line-emitting region is approximately the light travel time of 4 light months (0.1 pc) 6. However, since the variation is only a factor of _1.6, the size l (treated as a diameter) could be a factor of several larger than the light travel time.
Hereafter, we write the size l in terms of our fiducial value 0.1 pc (1 = 10.1 0.1 pc) and note that 10.1 < 2.
6If the variability is due to changes in the density rather than changes in the ionization state (as we assume here), then the size is required to be a factor of _10 a smaller, since density changes propagate at the sound speed. Such a small reflection region would be hard to reconcile with an edge-on torus geometry, since the height of the inner edge of the torus is a factor of _10 a-4 times as large. As mentioned in section 4.2.2, changes in the ionization state can occur on time scales of _2 hr, so variability due to photoionization is a viable explanation.
Density
A lower limit to the density can be estimated from the line flux F, since
F -rl f n2dV 4rrD 2 (1), and the volume V is limited by the size l. The combined emissivity r/for the three 6.7 keV lines (at 6.641, 6.669 and 6.683 keV) is plotted in Figure  6 , along with the emissivity for the 6.97 keV line. For simplicity, we take r/= r/-ls x (1.0 x 10 -16 photons cm a s-1), where q-is is of order 1. We next write f n2dV = fi2¢ 103.ax (1.4 x 1052 cm-a), where the filling factor ¢ (for a spherical volume) is less than 1.0, and the cloud diameter 10.1 < 2. The line flux F = f6.r x (5.0 x 10 .5 photons cm -_ s-1), where fs.r is also of order unity (f6.r = 0.7 and 1. _ 5 x 10 -2°cm _ (e.g., Verner et al. 1996) , so photoionization equilibrium is established much faster than the variability time scale of 4 months.
6.97 keY Line Emitting Region
The 6.97 keV line is only strong for _ > 103.°erg cm s -1 (see Figure  6 ), where q _, 2.5 x 10 -lr photons cm 3 s -1. The density can also be estimated from the 6.97
keV line flux f = (r/fn2dV)/(47rD 2) _ 1.0 x 10 -s photons cm -_ s -1, which requires However, the uncertainties in the.' line flux are larger than this, so a constant value for both epochs is consistent with the data, regardless of continuum model (see Table 3 and Figures  3 and 4) . The large equivalent width of the 6.4 keV component (EW _, 1 keV) is almost certainly due to blockage of the direct X-ray continuum from the AGN, which would exclude the possibility that the line originates from the accretion disk. Thus, the line emission likely originates from cold gas further out (e.g., narrow-line clouds, or the inner edge of the torus; Krolik, Madau, & Zycki 1994 , Ghisellini, ttaardt, &: Matt 1994 .
Ionization
Parameter and Size of the 6.7 keV and 6.97 keV Line Emitting
Region
From the emissivity plot in Figure  6 , we can see that the 6.7 keV line emissivity is maximized for { _ 10 a erg cm s -1, while the emissivity of the 6.97 keV line rises with { until it reaches a flat maximum for log { > 3.5. If only a single region provides the line emission, then the observed line ratio can be used to infer the value of { in the emission region from the predicted ratio of the two lines' emissivities. Using Figure  7 , we find that the typical observed ratio 1.7 _< F6.r/F6.gr <_ 5.6 ( rw averaged over the 2 -10 keV band as much as a few times greater than the Thomson 7The reduced ,t 2 values of these fits are ,-_1.0, essentially the same as for the one-component ionized reflection models in Tables 2 and 3. SWhen computing 2-10 keV fluxes, we have included the 6.21 and 6.4 keV line fluxes in the cold reflector flux, and the 6.7 and 6.97 keV line fluxes in the warm reflector flux. depth rTh = nhrTh = 0.21o.aJ 2 (section 4.2; Krolik & Kriss 1995 ; see also Kinkhabwala et al. 2002 The ionization parameter of the coronal gas is low enough so that it acts as a cold reflector to incoming X-rays from the AGN. Based on Figure  2 of Capetti et al. (1997) , the half-angle describing the NLR with respect to the nucleus is approximately 45°, so that (Ft/47r)NLR = 0.1.5. If the coronal gas is optically thick, the expected reflected X-ray emission is then LNLR = (ft/47r)NLRaLo, where a is the X-ray albedo. Reflection from neutral gas yields an X-ray albedo of 2.2% in the 2-10 keV band (George & Fabian 1991) . Based on XSPEC PEXRIV simulations, we estimate a 25% increase in the 2-10 keV albedo from = 0 to _ = 50, or a = 2.8%. This implies a maximum value for L,_LR = 0.0042 L0 = 1.:3 x 1041 erg s -1 (L0/10435). The total observed X-ray luminosity from neutral reflection LN is 3.9--5.4
x 1040 erg s -1, so it is possible that neutral reflection from coronal gas in the NLR could contribute significantly, although this would require L0 to be <104a erg s -1, unless the coronal gas is optically thin.
The Torus
These data also allow us to draw a more complete picture of the obscuring torus.
Oil tile direct line of sight to the nucleus, we know from the exceptionally weak 2-10 keV luminosity that the obscuration must be at least Compton thick.
On the other hand, we can see the ionized reflector only ,,_0.1 pc away from the nucleus, so this nearby line of sight must have a much smaller column density.
The column density on this line of sight cannot, however, be zerobecausewe seeno evidencefor the warm reflector in optical light. This column density, therefore, may be -,, 1021-1022 cm-_--enoug h so that its associated dust will thoroughly block optical and UV photons, but not enough to stop the X-rays we observe. We therefore conclude that our line of sight to the nucleus passes through a thicker part of the torus (near the equatorial plane?) and that the column density drops sharply as one moves away from that line of sight (or at least a hole).
We show a sketch of our proposed geometry of the torus and the warm reflector in Figure  8 .
The covering fraction of the thickest part of the torus may also be estimated.
In order to provide a significant "cold reflection" signal, the reflecting gas must be at least Compton thick.
Consequently, it is only the thickest part of the torus that may contribute to this part of the X-ray spectrum.
We have just seen that its transverse size is ,-_ 0.1 pc. 
Implications and Conclusions
We propose that the 6.7/6.97 keV line emitting region and the previously unidentified warm, ionized reflector in NGC 1068 are indeed the same region. Approximately 2/3 of the total observed 2-10 keV X-ray emission comes from the warm reflector, which is located <0.2 pc from the AGN. The geometrical and physical properties of the warm reflector (Table  4) are quite different from those of the optical/UV reflector (e.g. Miller et al. 1991) .
The warm X-ray reflector should reflect optical and UV light; however, no such emission is seen in ttST images at the location of the proposed nucleus (e.g., Capetti et al. 1995) .
This suggests that the dust optical depth toward the nucleus is high enough to block the UV and optical light, but the equivalent X-ray column is not large enough to block the harder X-ray emission. Equivalent columns up to --,102_ cm -2 are allowed when fitting the X-ray models to the ASCA/RXTE/BeppoSAX data, so such a scenario is feasible from the X-ray point of view. We can achieve this scenario if the torus is viewed edge-on so that the line-of-sight toward the nucleus skims the edge of the torus (see Figure  8 ).
We estimate that _ 1/3 of the total observed 2-10 keV X-ray emission is reflected by optically thick, neutral reflectors. See Figure  9 for (Capetti et al. 1995) . The shaded region of the torus illustrates that only a fraction (< 0.5) of the inner surface of the torus reflects X-rays toward the observer. The coronal gas in the inner NLR has a moderately low ionization parameter (_ "-' 50) and may be optically thick to electron scattering, and therefore could also be a "cold" X-ray reflector. (6.21 keV, 10.0 eV, 1.36 x 10 -5 photons cm -2 s-i); (6.38 keV, 47.9 eV, 4.75 x 10-5); (6.59 keV, 7.3 eV, 2.17 x 10-5), and (6.84 keV, 90.0 eV, 2.62 x 10-5).
b For these fits, we have fixed the central energies of the four Gaussian lines to 6.21, 6.40, 6.70, and 6.97 keV. Line line widths were fixed at a = 0, except for the 6.21 keV line, for which we fixed cr at 150 keV. The line fluxes for the four lines are listed under "Epoch 1" in Table 3 .
c The upper limit to _ quoted here is the maximum value allowed by the PEXRIV model: 5000 erg cm s -1. Model and Parameters _' Line Fluxes (10 -5 photons cm -2 s -1) 6.21 6.4 6.7 6.97
Model number (see Table 2 ), and parameters that were allowed to vary during the joint fit: ) are 0+s°, 800-1-140, llgn+lro 't7+148 ""-210, and "--37 eV, for the 6.21, 6.4, 6.7, and 6.97 keV line components. 
